J 



Europaisches Patentamt 
European Patent Office 
Office europ€en des brevets 



© Publication number: 



BEST AVAILABLE COPY 



1 



0 554 568 A2 



® 



EUROPEAN PATENT APPLICATION 



@ Application number: 92122088.5 


© int. CI. 5 : E21 B 1 0/56, E21B 1 0/46, 


(22) Dat« nf filinrv 9Q 19 Q9 






© Priority: 06.01.92 US 817861 


© Applicant: BAKER HUGHES INCORPORATED 




3900 Essex Lane, Suite 1200 


© Date of publication of application: 


Houston, Texas 7721 0-4740{US) 


11.08.93 Bulletin 93/32 






@ Inventor: Tibbitts, Gordon A. 


© Designated Contracting States: 


1378 Lakewood Circle 


BE DE FR GB NL 


Salt Lake City, Utah 84117(US) 




Inventor: Johns, Kenneth 




79 Farrer Drive, No.04-01 Sommerville Park 




Singapore 1026(SG) 




© Representative: Patentanwalte GrUnecker, 




Kinkeldey, Stockmair & Partner 




Maximilianstrasse 58 




W-8000 MUnchen 22 (DE) 



© Mosaic diamond drag bit cutter having a nonuniform wear pattern. 



00 
CO 

in 

in 
m 



© A cutter for a rotating drag bit which has a 
cutting face formed from a plurality of polycrystalline 
diamond compact (PCD) elements (16,18). The ele- 
ments can be of varying thickness and/or varying 
hardness to provide a cutting edge having a non- 
uniform wear pattern. Also provided is a cutter which 
includes two layers of PCD (56,54) elements. The 
PCD elements can be of varying thickness and/or 
hardness to provide a cutter which presents a cutting 
edge having a wear ratio which varies with cutter 
wear. Also provided is an impact cutter (116) having 
a cutting surface (122) formed from one or more 
layers of PCD elements. 
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BACKGROUND OF THE INVENTION 

1 . Held of the Invent ion 

The present invention relates generally to mo- 
saic diamond drill bit cutters of the type incorporat- 
ing polycrystalline and thermally stable diamond 
products and more particularly to such a cutter 
which forms a nonuniform wear pattern during drill- 
ing. In another aspect, the invention relates to drill 
bits incorporating cutters which wear at different 
rates. 

2. Description of the Related Art 

One type of cutter for an earth-boring rotary 
drag bit is made from a plurality of polycrystalline 
diamond (PCD) cutting elements. The PCD cutting 
elements are embedded in a metal matrix having a 
planar cutting face. Each of the PCD elements has 
a planar end surface which is coplanar with the 
cutting face. The cutting face therefore comprises 
both matrix material and PCD material. During drill- 
ing, cutting occurs along a cutting edge defined by 
one side of the cutting face. The cutting edge is 
embedded partly into the rock formation and is 
advanced therethrough by bit rotation. During drill- 
ing, the matrix and the PCD elements therein 
gradually wear from the cutting edge into the ma- 
trix. 

One such prior art cutter is disclosed in U.S. 
Patent No. 4,726,718 to Meskin et al. for a multi- 
component cutting element using triangular, rectan- 
gular and higher order polyhedral-shaped poly- 
crystalline diamond disks. The Meskin et al. cutter 
includes triangular PCD elements embedded in a 
metal matrix having a diamond grit dispersed 
therein. 

U.S. Patent No. 4,592,433 to Dennis discloses 
a cutting blank with diamond strips in grooves. In 
Dennis, PCD material in different shapes, including 
strips and chevrons, has a planar surface exposed 
on the cutting surface of a cutting blank. The metal 
cutting blank in which the PCD elements are em- 
bedded produces an irregular cutting edge as the 
cutting blank does not cut the formation but wears 
away at a much faster rate than the PCD cutting 
elements. U.S. Patent No. 4,255,165 to Dennis et 
al. discloses a composite compact of interleaved 
polycrystalline particles and cemented carbide 
masses in which cemented carbide is interleaved 
with PCD material. During cutting the carbide rap- 
idly wears away leaving the PCD cutting elements 
exposed in a so-called bear claw configuration in 
which the PCD cutting elements form spaced cut- 
ting fingers. The prior art cutters present a jagged 
or irregular cutting edge which in some circum- 
stances cuts more effectively than a smooth or 



uniform cutting edge. 

As used herein, the term wear ratio refers to 
the volume of a cutting element worn away relative 
to the volume of rock worn away during an abra- 
5 sive cutting test. Such cutting tests are known in 
the art to which the present invention relates and 
involve abrading the surface of a preselected rock 
with a cutting element of interest. For PCD or 
thermally stable diamond products, the wear ratio 
io is a function of several parameters, including dia- 
mond feedstock size.degree and type of sintering, 
force applied, grain size, cementation of rock and 
temperature. As used herein, the term wear rate 
refers to the rate at which a cutting element wears 
75 during drilling. The wear rate is a function of the 
wear ratio of the wear rate and geometry of the 
cutting element. Thus, cutting elements having the 
same wear ratio but different geometries wear at 
different rates. Similarly, cutting elements with the 
20 same geometry but with different wear ratios also 
wear at different rates. 

Although the prior art PCD cutters described 
above produce irregular patterns on a cutting edge 
during wear, none incorporates a cutting edge 
25 which wears at different rates along the edge. Prior 
art cutters include irregularly shaped PCD material 
embedded in a matrix; however, the PCD elements 
which form the cutting edge have a uniform wear 
rate. While some of the prior art patents include 
30 PCD material alternating with carbide along a cut- 
ting edge, the carbide does not cut but rather 
simply wears away thereby leaving an irregularly 
shaped cutting edge but still with cutting elements 
all of which have a uniform wear rate. It would be 
35 desirable to provide a cutter having a cutting edge 
which includes cutting elements that wear at dif- 
ferent rates to present an irregular cutting edge. 

None of the prior art cutters wear at different 
rates. It would be desirable to have such a cutter to 
40 permit cutting with elements having a first wear 
rate through an initial formation having one hard- 
ness and thereafter boring through a lower forma- 
tion through which it would be desirable to cut with 
a cutter having a different wear rate. Because the 
45 prior art cutters are made of PCD cutting elements 
having only a single wear rate, the wear rate of the 
cutting elements remains the same while the hard- 
ness of the formation through which the bit is 
drilling may vary. It would be desireable to provide 
so a drill bit with cutters having a wear rate which 
varies in a preselected fashion to optimize cutting 
through formations of varying hardness. 

It would also be desireable to provide a cutter 
which presents an increased surface area of PCD 
55 cutting elements toward the bottom of the bore 
hole thereby slowing wear rate of the cutting edge. 

It would also be desireable to provide the same 
advantages as described above in connection with 



3 



EP 0 554 568 A2 



4 



a rotary drag bit in a percussive drill bit 

It would be desirable also to implement such a 
cutter which is mounted in any fashion including 
bits of the type in which the cutters are integrally 
formed with the bit body as well as on bits of the 
type having stud-mounted cutters or cutters brazed 
to the bit body. 

As discussed above, none of the prior art dis- 
closes a cutter for a rotating drag bit having PCD 
cutting elements which wear at different rates. 
Moreover, none of the prior art discloses a rotating 
drag bit having cutters formed of diamond cutting 
elements in which the cutting elements on one 
cutter wear at a different rate from the cutting 
elements on another cutter. It would be desireable 
to provide such a rotating drag bit in which, e.g., 
the cutters arranged in one blade on the bit include 
diamond elements having a first wear rate while 
cutters in another blade on the bit have a different 
wear rate. Such a drill bit would permit concentra- 
tion of cutting action on only a few blades having a 
relatively low wear rate while additional blades, 
having a relatively high wear rate, stabilize the bit 
during drilling. 

SUMMARY OF THE INVENTION 

The present invention comprises a diamond 
cutter in a rotating drag bit including a cutting face. 
A first group of cutting elements each having at 
least one end surface and being subject to wear at 
a first rate are disposed in a cutting slug formed of 
matrix material. A second group of cutting ele- 
ments each having at least one end surface and 
being subject to wear at a second rate different 
from the first rate are also disposed in the cutting 
slug. A cutting face is defined by a plurality of 
cutting element end surfaces exposed on the cut- 
ting face. The face forms a surface which may be 
of any shape including planar, wavy or hemispheri- 
cal. 

In another aspect of the invention, a rotating 
drag bit comprises cutters formed from PCD cut- 
ting elements in which one of the cutters has 
cutting elements which wear at a first rate and 
another of the cutting elements which wear at a 
second rate different from the first rate. 

In still another aspect of the invention, a per- 
cussive drill bit and method of percussive drilling 
utilizes a bit body having a working surface profile 
of a type suitable for percussive drilling. One or 
more layers of PCD cutting elements on the bit are 
provided which are compressed each time the cut- 
ting element strikes a formation during drilling. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagrammatic perspective view of a 
first embodiment of the invention. 
5 Fig. 2 is a view similar to Fig. 1 illustrating the 

embodiment of Fig. 1 after wear caused by drilling. 

Fig. 3 is a diagrammatic perspective view of a 
second embodiment of the invention. 

Figs. 4-8 are diagrammatic front elevation 
io views of a cutter cutting face constructed in accor- 
dance with the present invention. 

Fig. 9A is a front elevation of a rotating drag bit 
constructed in accordance with the present inven- 
tion. 

75 Fig. 9B is a bottom plan view of the drill bit of 
Fig. 9A. 

Fig. 10 is a diagrammatic view of the arrange- 
ment of four cutting elements on a bit crown. 

Fig. 11 is a diagrammatic view similar to Hg. 
20 10 after wear caused by drilling. 

Figs. 12, 15 16, 17A and 17B are diagrammatic 
perspective views of the arrangement of PCD cut- 
ting elements in additional embodiments of the 
invention. 

25 Figs. 13 and 14 are plan elevation views of 

PCD cutting elements in additional embodiments of 
the invention. 

Fig. 18 is a perspective view of a percussive 
drill bit constructed in accordance with the present 
30 invention. 

Fig. 19 is a partial sectional view of the em- 
bodiment of Fig. 18. 

Fig. 20 is a partial sectional view similar to Fig. 
19 of another percussive drill bit constructed in 
35 accordance with the invention. 

Fig. 21 is another perspective view of a percus- 
sive drill bit constructed in accordance with the 
present invention. 

Fig. 22 is perspective view of a drill bit cutter 
40 constructed in accordance with the present inven- 
tion. 

Fig. 23 is a perspective view of a bladed drill 
bit having mosaic cutting elements brazed to the 
drill bit body. 

45 Fig. 24 is a partial enlarged front elevation view 

of the drill bit of Fig. 23 illustrating the mosaic 
pattern for the short blades on the bit. 

Fig. 25 is a partial enlarged front elevation view 
of the drill bit of Fig. 23 illustrating the mosaic 

50 pattern for the long blades on the bit. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

55 Turning now to the drawings and with refer- 

ence to Fig. 1, indicated generally at 10 is a cutter 
constructed in accordance with the present inven- 
tion. In the present embodiment of the invention, 
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cutter 10 is formed on an infiltrated matrix bit body 
12. It is to be appreciated that the present invention 
can be equally well implemented in a drill bit 
having a body which is cast or otherwise formed 
and can be implemented on a cutter mounted on a 
stud or on a drill bit of the type in which the cutters 
are brazed to a bit body. Cutter 10 includes a 
cutting slug 14 in which a plurality of polycrystal- 
line diamond (PCD) cutting elements, two of which 
are elements 16, 18, are disposed. The cutting 
elements are leached using a known process to 
increase the resistance of the cutting elements to 
heat. Cutting slug 14 can be formed by a variety of 
methods.such as conventional hot-press techniques 
or by infiltration techniques separately from the 
matrix body or may be formed simultaneously 
through infiltration techniques with the bit body. 
Both techniques for forming the cutting slug are 
known in the art. 

Turning briefly to Fig. 12, indicated generally at 
20 is a portion of a cutter including a PCD cutting 
element 22. Three square sides, two of which are 
sides 27, 29, and a third (not visible) define the 
sides of PCD element 22. Fig. 12 illustrates the 
position of a plurality of PCD elements held within 
a cutting slug, which is not shown to reveal the 
geometry and relative positions of the PCD cutting 
elements. PCD cutting element 22 is substantially 
identical in shape and size to PCD cutting ele- 
ments 16, 18. Element 22 further includes an end 
surface 24 which is coplanar with the end surfaces 
of a number of the other cutting elements. End 
surface 24 and the other PCD element end sur- 
faces coplanar therewith define a portion of a cut- 
ting face. Cutting element 22 includes an edge 26 
which extends into the cutting slug from the cutting 
face and which defines the thickness of cutting 
element 22. In the embodiment of Rg. 12, the 
cutting elements are arranged in two parallel layers 
23, 25. 

Returning again to Fig. 1 , each of cutting ele- 
ments 16, 18 also include a planar end surface 28, 
30, respectively. The exposed end surfaces of 
each of the cutting elements in cutting slug 14, 
along with a coplanar surface 32 of the cutting 
slug, define the cutting face of cutter 10. Although 
not visible in Fig. 1, each of the PCD cutting 
elements has a preselected thickness which deter- 
mines the depth to which each cutting element 
extends into cutting slug 14 from surface 32. 

The cutting elements of cutter 10 are arranged 
in rows, four of which are rows 34, 36, 38, 40. The 
cutting elements in rows 34, 38 are made of PCD 
material having a first hardness while the cutting 
elements in rows 36, 40 are made of a PCD 
material having a second lower hardness. In the 
cutter of Fig. 1, the PCD elements in alternate 
rows, like rows 34, 38, are made up of PCD ele- 



ments having a first hardness. PCD elements in the 
interleaved rows, like rows 36,40, are made up of 
PCD elements having a second lower hardness. In 
Fig. 1, the elements having the first hardness are 
5 marked with vertical parallel lines (only to provide a 
visual indication of which elements have the first 
hardness) while the elements having the second 
lower hardness are unmarked. 

During drilling, the cutting edge wears. As 
w viewed in Rg. 1, the cutting edge comprises which 
comprises the generally upper portion of cutting 
slug 14. Such wear is illustrated in Rg. 2: It can be 
seen that the matrix material from which cutting 
slug 14 is formed wears very rapidly while the 
75 cutting elements having a second lower hardness, 
like cutting element 18, wear less rapidly. The 
cutting elements with the first hardness, like cutting 
element 16, wear least rapidly of all.- A nonuniform 
cutting edge, like that shown in Rg. 2 is thus 
20 presented. Under certain conditions, which are 
known in the art such a nonuniform cutting edge 
enhances cutting action of the cutter as contrasted 
with a cutter having a curvilinear edge. 

Indicated generally at 42 in Rg. 3 is a cutter 42 
25 also constructed in accordance with the present 
invention. Cutter 42 includes cutting slug 44 bon- 
ded to a steel or tungsten carbide stud 46. Cutting 
slug 44, like cutting slug 14 in Figs. 1 and 2, 
comprises an array of a plurality of synthetic PCD 
30 elements, like elements 48, 50. As with the em- 
bodiments of Rgs. 1 and 2, cutting slug 44 may be 
separately formed by conventional hot-press tech- 
niques or by infiltration techniques separately from 
the bit body matrix or may be formed simulta- 
35 neously therewith through infiltration techniques 
with the bit body. 

Also as in the embodiment of Rgs. 1 and 2, 
and as used throughout, the cutting elements hav- 
ing vertical lines thereon are made from PCD ma- 
40 terial which more hard than the PCD material from 
which the unmarked cutting elements are made. It 
should be noted that techniques for producing PCD 
cutting elements of different shapes and hardness 
are well known in the art. The cutting elements of 
45 Fig. 3 will wear in a manner which produces an 
irregular cutting edge. 

In Fig. 4, a portion of a cutting face 52 formed 
on a cutter includes PCD elements having two 
wear ratios, one of which is cutting element 54 and 
so another of which is cutting element 56, arranged in 
alternate rows as shown. Like the previously de- 
scribed embodiment, during drilling, wear creates 
an irregular cutting edge on the cutter upon which 
cutting face 52 is formed. 
55 Rgs. 5, 6 and 7 all illustrate views similar to 

Rg. 4 but with cutting elements having triangular 
shapes, in Fig. 5, and hexagonal shapes in Figs. 6 
and 7. It should be noted that the embodiments of 
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Figs. 5 and 6 incorporate cutting elements having 
different wear ratios in alternate horizontal rows 
rather than in alternate vertical rows as in the 
embodiment of Figs. 1 and 2. Thus, during cutting, 
the cutting edge comprises a generally nonuniform 
shape, due to the triangular configuration of cutting 
elements in Fig. 5 and the hexagonal shape in Fig. 
6, having substantially uniform wear ratios. As cut- 
ting proceeds, wearing away the elements a row at 
a time, the cutting edge alternates between having 
cutting elements made up of one wear ratio and 
cutting elements made up of another. Thus, when 
the geology of a formation having alternate layers 
of rock which vary in hardness is known, a cutter 
can be selected which presents a cutting edge 
having the appropriate wear ratio for each layer of 
the formation through which it cuts. 

Fig. 8 illustrates a cutting face 57 made up of 
PCD cutting elements having a substantially uni- 
form wear ratio. Cutting face 57 is formed on a 
cutter 58, in Figs. 9A and 9B, which is mounted on 
a drill bit 60. In drill bit 60, a plurality of cutters are 
arranged in four blades 62, 64, 66, 68. The cutters 
on blades 64, 68, like cutter 58, are made from 
PCD material which has a wear ratio resulting in 
faster wear than the wear ratio of the cutters on 
blade 62, 66 are made. As is the case with blades 
64, 68, the cutters on blades 62, 66 are made from 
PCD material having a single wear ratio. 

During drilling with bit 60, the weight of the bit 
is primarily on the hard cutters, i.e., those in blades 
62, 66, while the relatively faster-wearing cutters in 
blades 64, 68 serve to stabilize bit rotation. Thus, 
the rapid penetration of a two-bladed bit is obtained 
with a four-bladed bit, which provides increased 
stability over that normally exhibited in a two- 
bladed bit. 

Turning now to Fig. 10, illustrated generally at 
70 is a portion of a drill bit having cutters, four of 
which are cutters 72, 74, 76, 78, mounted thereon. 
Bit 70 includes a bit body 80 and an exterior 
surface or crown 82 open which the cutters are 
mounted. Cutters 72, 76 are each made up of PCD 
material having a low wear ratio, which tends to 
resist wear more so than material with a high wear 
ratio, while cutters 74, 78 are made up of material 
having a higher wear ratio. The cutters may be 
arranged in blades or may be in any configuration 
in which the cutters alternate between high and low 
wear ratio PCD cutting elements. Fig. 11 illustrates 
the wear which occurs after a period of drilling with 
bit 70. As can be seen cutters 74, 78 wear at a 
faster rate than cutters 72; 76. Such action creates 
adjacent cuts having different depths. Because of 
the differing depths of cut, at least some of the 
formation being cut is not laterally constrained and 
therefore can be cut more easily. 



Turning now to Fig. 12, as previously de- 
scribed, Fig. 12 includes two layers 23, 25 of PCD 
elements, in the embodiment of Fig. 12, all of the 
PCD elements are of the same wear ratio. Each of 

5 the cutting elements, like element 22, includes a 
pair of opposed end faces, like end face 24, which 
is exposed on the cutting face of. the cutter. An- 
other end face (not visible) is also triangular in 
shape and is substantially parallel to end face 24. 

70 Each of the other PCD elements is similarly con- 
structed. The arrangement of the elements is as 
shown in Fig. 12. 

During drilling, the area of the diamond ex- 
posed to the side of the cutter having the cutting 

is edge thereon is increased because of the addition 
of an extra layer, layer 25, of PCD elements. Be- 
cause the wear rate of the cutting edge is propor- 
tional to the total surface area of PCD element 
exposed adjacent the cutting edge, wear is re* 

20 duced. 

In Fig. 12, each of the PCD elements in layer 
23 is aligned with a corresponding element in layer 
25. Figs. 13-15 illustrate different embodiments of a 
two-layer cutter in which the cutting elements are 

25 substantially identical in shape to one another but 
are offset laterally from one layer to the next. In the 
view of Fig. 16, the first and second layers are 
spaced laterally from one another in addition to 
being offset. 

30 In the two-layer embodiments of Figs. 12-16, 

each layer includes PCD elements all having sub- 
stantially the same wear ratio. It should be noted 
however that it is contemplated to be within the 
scope of the invention to provide a first layer of 

35 PCD elements, each of which includes an end face 
coplanar with the cutting face of the cutter, having 
a first wear ratio and a second layer of PCD 
elements, behind the first layer as illustrated in the 
drawings, having a second different wear ratio. 

40 Thus, a cutter can be "tailored" for optimum cut- 
ting through a particular formation having adjacent 
layers of rock which have different wear ratio. A 
person having ordinary skill in the art, and knowl- 
edge of a particular formation, can select PCD 

45 elements in each layer having appropriate thicknes- 
ses and wear ratios so that as a first layer is being 
worn through at the cutting edge, the drill bit enters 
the next-downward rock layer in the formation. The 
next layer of PCD elements, which is optimized for 

so the rock layer the bit is entering, is thus exposed to 
provide cutting action. 

With reference again to Fig. 12, the same 
effect as described above when using PCD ele- 
ments of one wear ratio in layer 23 and PCD 

55 elements of another wear ratio in layer 25 may be 
achieved in another manner. Instead of using PCD 
elements having different wear ratios in layers 23, 
25, all of the elements have the substantially the 
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same wear ratio; the thickness, however, of the 
elements in one layer is different from that of the 
other layer. For example, in Fig. 12, PCD element 
22 in layer 23, rather than extending the length of 
edge 26 into the matrix (not shown for clarity) from s 
the cutting surface thereof, extends only, e.g., one- 
half of the distance illustrated. Similarly, each of 
the other PCD elements in layer 23 are identical to 
PCD element 22, i.e., they are of a uniform thick- 
ness equal to one-half of the thickness of elements 10 
in row 25. Since the rate of wear is dependent 
upon the geometry of the PCD element being 
worn, the elements in layer 23 wear twice as fast 
as those in layer 25 thus exposing the layer 25 
elements on the cutting edge after the elements in 75 
layer 23 are sufficiently worn. Thus, the same 
effect is achieved by using PCD elements having 
the same wear ratio but varying thicknesses when 
using PCD elements of uniform thickness and dif- 
ferent wear ratios. 20 

Consideration will now be given to use of vari- 
ations in thickness of PCD elements to achieve an 
irregular or nonuniform cutting edge with reference 
to Figs. 17Aand 17B. 

Indicated generally at 88 in Fig. 17A is a row of 25 
PCD elements 90, 92, 94, 96, 98. Each of the 
elements include an end face, like end faces 100, 
102 in elements 90, 92, respectively. It is to be 
appreciated that row 88 is maintained in position in 
a cutter matrix which includes additional PCD ele- 30 
ments (not shown) above and below row 88. All of 
the PCD elements have end faces, like end faces 
100, 102, which are coplanar with each other and 
with a planar surface of the matrix which, together 
with the end faces, form the cutting face of the 35 
cutter. 

It can be seen that alternate PCD elements are 
substantially identical to one another with adjacent 
elements having different thickness. In the embodi- 
ment of 17A, element 90 is one-half as thick as ao 
element 92. Thus, during drilling, when the ele- 
ments in row 88 are exposed on the cutting edge 
of the cutter, the relatively thin cutting elements, 
three of which are 90, 94, 98 wear at a different 
rate from that of the relatively thick elements. 45 
Moreover, in Fig. 17A, the orientation of the PCD 
elements initially exposes more surface area of the 
relatively thin elements to wear than that of the 
relatively thick elements. Thus, an irregular cutting 
edge which changes in shape during wear is pre- 50 
sented. 

The same type of wear pattern as the cutter in 
Fig. 17A is created in the cutter of Fig. 17B in 
which a row of PCD elements is indicated generally 
at 104. Row 104 includes elements 106, 108, 110, 55 
112, 114. As in previous embodiments, vertical 
lines on the end faces in the cutting surface in- 
dicate PCD elements with lower wear ratios than 



the PCD elements having unlined end faces. Thus, 
in the cutter of Rg. 17B. if the hard PCD elements 
108, 112 are twice as hard as PCD elements 106, 
110, 114, the same wear pattern when row 104 is 
in the cutting edge is created as when row 88 is in 
the cutting edge. 

Turning to Fig. 22, indicated generally at 115 is 
another embodiment of a cutter constructed in ac- 
cordance with the present invention. Cutter 115 
includes a plurality of cutting elements, like cutting 
elements 117, 119 each of which present an ex- 
posed end surface which defines a portion of a 
spherical surface 121 which forms the cutting face 
of cutter 115. As in the previously described em- 
bodiments variations in the geometry and wear 
ratio of the cutting elements which make up the 
cutter surface create an irregular cutting edge due 
to uneven rates of wear of the cutting elements. 

Indicated generally at 130 in Rg. 23 is a 
bladed drill bit. Bit 130 includes alternating short 
and long blades, like blades 132, 134, respectively. 
Each of the blades includes a planar surface 136, 
138, in Rgs. 24 and 25. respectively, upon which a 
plurality of cutting elements, like those previously 
described herein, are mounted. The cutting ele- 
ments are mounted on the planar surfaces in 
groups, like groups 140, 142, 144 are mounted on 
surface 136. Each of the groups are referred to 
herein as cutters although all of the cutting ele- 
ments on each blade may also be considered to 
form a single large cutter. In drill bit 130, each of 
the cutting elements is triangular in shape. The 
variations in wear ratio and cutting element geome- 
try previously described herein in connection with 
cutting elements mounted on cutters may be 
equally well implemented in the cutting elements 
mounted on bit 130. 

The bit 130 cutting elements are mounted on 
surfaces 136, 138 via brazing. As used herein, the 
term matrix materia! encompasses the materials 
used to braze the individual cutting elements to a 
drill bit surface, like the cutting elements on bit 130 
are brazed to the planar surfaces like surfaces 136, 
138. Known brazing methods may therefore be 
used both to mount cutters on a drill bit, as pre- 
viously described herein, and to mount cutting ele- 
ments on a bit, like the triangular cutting elements 
are mounted on surfaces 136, 138. The cutting 
elements need not be triangular in shape but can 
assume other configurations as described herein. 

Turning now to Rg. 18 and indicated generally 
at 116 is a percussive drill bit constructed in accor- 
dance with the present invention. Bit 116 includes a 
bit body 118 and a shank 120 which is used to 
mount the bit on a conventional pneumatic or hy- 
draulic hammer (not shown). Such a device typi- 
cally vibrates with a small range of motion against 
the bottom of a hole being drilled. The bit includes 
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an impact surface 122 which is made up of a 
plurality of PCD elements, two of which are ele- 
ments 124, 126 in Fig: 19, which are bonded to or 
integrally formed with bit body 118 in a known 
manner. Alternatively, an abrasive diamond surface 
can be created on the bit body by chemical vapor 
deposition. 

In operation, the PCD elements, like elements 
124, 126, which form surface 122 are repeatedly 
impacted against the bottom of a hole being dug 
by the hammer upon which the bit is mounted. 
Each impact places the PCD elements in compres- 
sion which they are particularly well suited to with- 
stand. Additionally, the PCD surface exposed on 
surface 1 22 provides a good abrasion surface. 

Fig. 20 illustrates a slightly modified embodi- 
ment of the invention in which the PCD elements 
are layered. As with previously described embodi- 
ments, the PCD elements may have different wear 
ratios and the element layers can be of varying 
thicknesses. In the Fig. 20 embodiment, there can 
also be spaces between the layers made of cutting 
elements of different hardness or thickness or of 
some other material. 

Indicated generally at 128 is another embodi- 
ment of a percussive drill bit constructed in accor- 
dance with the present invention which has a dif- 
ferently shaped bit body and which therefore 
presents an impact surface different from bit 116. 
As with bit 116, PCD elements are used to create 
the impact surface in bit 128 either in a single 
layer, as illustrated in Fig. 19 or in multiple layers 
as illustrated in Rg. 20. 

It should be appreciated that in each of the 
described embodiments, the boundaries of the end 
face can take any geometric or irregular form. In 
addition, the cuter cutting face can be planar, hemi- 
spherical, wavy or any other shape. Also, the dis- 
tribution of cutting elements with different wear 
ratios or thicknesses can be in a regular repeating 
pattern or may be random. A random arrangement 
for use in a formation in which the hardness varies 
may provide improved rates of penetration over a 
cutter in which there is a regular pattern. 

Having illustrated and described the principles 
of my invention in a preferred embodiment thereof, 
it should be readily apparent to those skilled in the 
art that the invention can be modified in arrange- 
ment and detail without departing from such princi- 
ples. I claim all modifications coming within the 
spirit and scope of the accompanying claims. 

Claims 

1. A cutter in a rotating drag bit comprising: 
a cutting face; 

a first group of cutting elements each hav- 
ing at least one end surface and being subject 



to wear at a first rate, said end surfaces being 
exposed on said cutting face; 

a second group of cutting elements each 
having at least one end surface and being 
5 subject to wear at a second rate different from 

said first rate, said second group end surfaces 
also being exposed on said cutting face; and 

a cutting slug formed of matrix material 
and having said first and second groups of 
w . cutting elements disposed therein, said cutting 
face being defined by a plurality of said end 
surfaces exposed on said cutting face. 

2. The cutter of claim 1 wherein said elements in 
75 said first group are arranged in a first row and 

wherein said the elements in said second 
group area arranged in a second row and 
wherein said rows are adjacent one another. 

20 3. The cutter of claim 2 wherein said first and 
second groups of polycrystalline diamond have 
substantially the same wear ratio and wherein 
said first group and said second group have 
different thicknesses thereby wearing the ele- 

25 ments in said second group at a different rate 

than those in said first group responsive to bit 
rotation. 

4. The cutter of claim 2 wherein said first and 
30 second groups of polycrystalline diamond have 

substantially the same thicknesses and 
wherein said first and second groups have 
different wear ratios thereby wearing the ele- 
ments in said second group at a different rate 
35 than those in said first group responsive to bit 

rotation. 

5. The cutter of claim 1 wherein said elements in 
said first group are arranged in a first layer and 

40 said elements in said second group are ar- 

ranged in a second layer adjacent said first 
layer, said first layer element end surfaces 
comprising said cutting surface. 

45 6. The cutter of claim 5 wherein said first and 
second groups of polycrystalline diamond have 
substantially the same wear ratio and wherein 
said first group and said second group have 
different thicknesses thereby wearing the ele- 

50 ments in said second group at a different rate 

than those in said first group responsive to bit 
rotation. 

7. The cutter of claim 5 wherein said first and 
55 second groups of polycrystalline diamond have 

substantially the same thicknesses and 
wherein said first and second groups have 
different wear ratios, thereby wearing the ele- 
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ments in said second group at a different rate 
than those in said first group responsive to bit 
rotation. 

8. The cutter of claim 1 wherein said cutting face 
is substantially planar. 

9. The cutter of claim 1 wherein said exposed 
end surfaces each have a substantially square 
boundary. 

10. The cutter of claim 1 wherein said exposed 
end surfaces each have a substantially triangu- 
lar boundary. 

11. The cutter of claim 1 wherein said exposed 
end surfaces each have a substantially irregu- 
lar boundary. 

12. The cutter of claim 1 wherein the cutting ele- 
ments in said first and second groups are 
randomly distributed. 

13. A diamond cutter in a rotating drag bit com- 
prising: 

a plurality of thermally stable, prefabricat- 
ed polycrystalline diamond synthetic elements 
each having at least one end surface; 

a cutting slug formed of matrix material, 
said plurality of elements disposed within said 
cutting slug and said matrix material filling 
between said plurality of elements; 

a cutting face formed on said cutting slug 
and defined by a plurality of said end surfaces 
exposed on said cutting face; and 

a cutting edge formed on one side of said 
cutting face and including side surfaces pre- 
sented by said polycrystalline diamond ele- 
ments, said cutting edge including elements 
which wear at different rates thereby forming a 
cutting edge having a profile dependent upon 
the wear rate of the elements comprising said 
cutting edge. 

14. The diamond cutter of claim 13 wherein said 
elements are selected from a first group hav- 
ing a first wear rate and from a second group 
having a second wear rate, said elements se- 
lected from said first group being arranged in a 
first row and said elements selected from said 
second group being arranged in a second row 
and wherein said rows are oriented substan- 
tially normal to said cutting edge. 

15. The diamond cutter of claim 14 wherein said 
first and second groups of polycrystalline dia- 
mond have substantially the same wear ratio 
and wherein said first group and said second 



group have different thicknesses thereby wear- 
ing the elements in said second group at a 
different rate than those in said first group 
responsive to bit rotation. 

5 

16. The diamond cutter of claim 14 wherein said 
first and second groups of polycrystalline dia- 
mond have substantially the same thicknesses 
and wherein said first and second groups have 
10 different wear ratios thereby wearing the ele- 

ments in said second group at a different rate 
than those in said first group responsive to bit 
rotation. 

is 17. The diamond cutter of claim 13 wherein said 
elements are selected from a first group hav- 
ing a first wear rate and from a second group 
having a second wear rate, said elements se- 
lected from said first group being arranged in a 

20 first layer and said elements selected from 
said second group being arranged in a second 
layer adjacent said first layer, said first layer 
element end surfaces comprising said cutting 
face. 

25 

18. The diamond cutter of claim 17 wherein said 
first and second groups of polycrystalline dia- 
mond have substantially the same wear ratio 
and wherein said first group and said second 
30 group have different thicknesses thereby wear- 

ing the elements in said second group at a 
different rate than those in said first group 
responsive to bit rotation. 

35 19. The diamond cutter of claim 17 wherein said 
first and second groups of polycrystalline dia- 
mond have substantially the same thicknesses 
and wherein said first and second groups have 
different wear ratios thereby wearing the ele- 
40 ments in said second group at a different rate 

than those in said first group responsive to bit 
rotation. 

20. The diamond cutter of claim 13 wherein said 
45 cutting face is substantially planar. 

21. The diamond cutter of claim 13 wherein said 
exposed end surfaces each have a substan- 
tially square boundary. 

50 

22. The diamond cutter of claim 13 wherein said 
exposed end surfaces each have a substan- 
tially triangular boundary. 

55 2a the diamond cutter of claim 13 wherein said 
exposed end surfaces each have a substan- 
tially irregular boundary. 
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24. The diamond cutler of claim 13 wherein the 
cutting elements in said first and second 
groups are randomly distributed. , 

25. A rotating drag bit comprising: 

a plurality of cutters of the type made from 
cutting elements embedded in a matrix ma- 
terial and presenting a plurality of end surfaces 
which define a cutting face; 

a first one of such cutters having cutting 
elements which wear at a first rate; and 

a second one of such cutters having cut- 
ting elements which wear at a second rate 
different from said first rate. . 

26. The drag bit of claim 25 wherein said cutters 
are arranged in blades and wherein the cutters 
in one of said blades are of the type which 
wear at said , first rate and the cutters in an- 
other of said blades are of the type which wear 
at said second rate. 

27. The drag bit of claim 26 wherein said drag bit 
comprises four blades arranged at 90* inter- 
vals and wherein the cutters in adjacent blades 
have cutters which wear at different rates. 

28. The drag bit of claim 25 wherein the cutting 
elements on said first and second cutters have 
substantially the same wear ratio and wherein 
the cutting elements on said first cutter have a 
different thickness from the cutting elements 
on said second cutter thereby wearing the 
elements in said second cutter at a different 
rate than those in said first cutter responsive to 
bit rotation. 

29. The drag bit of claim 25 wherein the cutting 
elements on said first and second cutters have 
substantially the same thickness and wherein 
the cutting elements on said first cutter have a 
different wear ratio from the cutting elements 
on said second cutter thereby wearing the 
elements in said second cutter at a different 
rate than those in said first cutter responsive to 
bit rotation. 

30. A method of percussive drilling comprising the 
steps of: 

bonding cutting element to a working sur- 
face of a percussive drill bit; 

operating the percussive drill bit; 

orienting the bit to effect repeated striking 
of the cutting element against an earth forma- 
tion in a manner which compresses the cutting 
element each time it strikes the formation. 



31. The method of claim 30 wherein the step of 
bonding cutting element to a working surface 
of a percussive drill bit comprises the step of 
bonding a plurality of such cutting elements to 

5 the working surface. 

32. The method of claim 31 wherein the step of 
bonding a plurality of such cutting element to 
the working surface comprises the steps of: 

w bonding a first layer of such elements to 

the drill bit; and 

bonding a second layer of such elements 
to said first layer. 

75 33. The method of claim 32 wherein the step of 
orienting the bit to effect repeated striking of 
the cutting element against an earth formation 
in a manner which compresses the cutting 
element each time it strikes the formation com- 

20 prises the step of orienting the bit to strike the 

second layer of such elements against the 
earth formation. 

34. The method of claim 32 wherein the step of 
25 bonding a second layer of such elements to 

said first layer comprises the step of offsetting 
said second layer relative to said first layer. 

35. A percussive drill bit comprising: 

30 a bit body having a working surface profile 

of a type suitable for percussive drilling 
wherein said working surface repeatedly 
strikes an earth formation; 

a layer of polycrystalline diamond bonded 

35 to said bit body and having a surface which 

defines said working surface. 

36. The drill bit of claim 35 wherein said layer of 
polycrystalline diamond comprises a plurality 

40 of cutting elements bonded to said bit body. 

37. The drill bit of claim 36 wherein said drill bit 
further comprises a second layer of poly- 
crystalline diamond cutting elements bonded 

45 to said first layer and wherein said working 

surface is defined on said second layer. 

3a The drill bit of claim 37 wherein the cutting 
elements in said second layer are offset rela- 
50 tive to the cutting elements in said first layer. 

39. The drill bit of claim 36 wherein some of said 
cutting elements have different wear ratios. 

55 
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